Potential therapeutic applications of phosphodiesterase inhibition in prostate cancer.
Phosphodiesterases (PDEs) play a role in controlling cyclic nucleotide action, including cyclic guanosine monophosphate (cGMP). Previous studies have ascribed a protective role of cGMP signaling on hypoxia-mediated cancer progression. Herein, we determine their potential role in hypoxia-mediated chemoresistance and immune escape. Phosphodiesterase assays were used to measure PDE activity in prostate cancer cell lines (DU145, PC3). Immunoblots were performed to determine the presence of PDEs in human prostate tissue samples. The effect of PDE inhibition on hypoxia-induced chemoresistance (compared to normoxic controls, 20% O2) was determined using clonogenic assays. Flow cytometry was used to determine the effects of PDE inhibition on surface MHC class I-related chain A (MICA), a natural killer (NK) cell-activating ligand. A mouse model was used to evaluate the in vivo effects of PDE inhibition on the growth of human prostate cancer cells. PDE5 and PDE11 were the most prominent PDEs in the cell lines, representing between 86 and 95% of the total cGMP-specific PDE activity. Treatment of DU-145 cells with a PDE inhibitor significantly reduced the hypoxia-associated acquisition of resistance to doxorubicin, with a mean 51% reduction in surviving fraction compared to controls (p < 0.001, ANOVA). As well, PDE inhibition completely reversed (p = 0.02, ANOVA) hypoxia-induced shedding of the immune stimulatory molecule, MICA, and attenuated the growth of human prostate tumor xenografts in an NK cell-competent murine model (p = 0.03, Wilcoxon, Mann-Whitney). These results suggest a rationale for future studies on the potential therapeutic applications of PDE inhibitors in men with prostate cancer.